INTRODUCTION
There is a clinical need for basal insulin products that provide more constant and longer-lasting glycemic control with reduced risk of hypoglycemia to enable more people with diabetes to meet their glycemic targets and improve their quality of life. Recent studies with new insulin glargine 300 U mL -1 (Gla-300) have shown more stable and prolonged pharmacokinetic (PK) and pharmacodynamic (PD) profiles compared with insulin glargine 100 U mL -1 (Gla-100) in both European [1] [2] [3] and Japanese populations [3] . In addition, the EDITION clinical trial program has shown lower rates of hypoglycemia with Gla-300 compared with Gla-100 in several different type 1 and type 2 diabetes populations [4] [5] [6] [7] , including participants from Japan [8, 9] . A recent study using continuous glucose monitoring (CGM) analysis in Western participants with type 1 diabetes mellitus (T1DM) showed that Gla-300 treatment provided more stable glucose levels throughout the day compared with Gla-100 [10] . Intra-subject glucose variability was lower with Gla-300 than with Gla-100, irrespective of morning or evening administration, which confirms some flexibility of injection time is possible with Gla-300 [10] . In turn, rates of nocturnal hypoglycemia were numerically lower with Gla-300 compared with Gla-100, demonstrating a potential clinical benefit of the smoother Gla-300 PK and PD profiles [10] . This reduction in hypoglycemia risk could lead to improved treatment success and quality of life for people with T1DM.
In the present study, CGM was used to compare 24-h glucose profiles at steady state in a Japanese population with T1DM receiving once-daily Gla-300 or Gla-100.
METHODS
This was a single-center, randomized, openlabel, 2-sequence, 2-period, 2-treatment, multiple-dose crossover study. Japanese people of at least 20 years of age with T1DM who were being treated with basal-bolus insulin and had glycated hemoglobin (HbA 1c ) within the range 6.5-10.0%, and a median fasting self-monitored plasma glucose (SMPG) concentration of
) in the 3 days prior to randomization were eligible for inclusion. People were excluded from the study if they had received premix insulin or basal insulin other than Gla-100, neutral protamine
Hagedorn insulin, neutral protamine insulin lispro, or insulin detemir, or mealtime insulin other than insulin lispro, aspart, or glulisine during the 4 weeks immediately before screening. Use of an insulin pump or new glucose-lowering medications during the 12 weeks before screening was not permitted.
All procedures followed were in accordance with Good Clinical Practice [11] , the ethical standards of the responsible committee on human experimentation (institutional and national) and the Declaration of Helsinki [12] . Written informed consent was obtained from all participants before they were included in the study. Participants received either Gla-300 (using a modified TactiPen Ò ; Haselmeier GmbH, Zürich, Switzerland) in treatment period 1 followed by Gla-100 (using a SoloSTAR Ò pen;
Sanofi, Paris, France) in treatment period 2 (subgroup 1) or vice versa (subgroup 2; Fig. 1 ), using a 1:1 block randomization protocol to assign subgroups. Study insulin preparations were self-administered subcutaneously once daily at bedtime (preferably [3 h after evening mealtime insulin). The starting dose for both treatment periods was based on the basal insulin dose in the screening period.
Owing to differences in the scaling of the two injection devices, starting doses of Gla-300
were divisible by 1.5 U and did not exceed the previous daily dose, while Gla-100 starting doses were equal to the previous daily dose.
Participants previously receiving their basal insulin dose in the morning switched to one dose in the evening on Day -7 (start of screening period). Basal insulin dose was titrated to achieve fasting SMPG in the range , Gla-100 insulin glargine 100 U mL -1 Sample size was estimated using a maximum imprecision approach based on a within-subject standard deviation (SD within ) of 0.445 obtained for the bedtime time-point blood glucose readings of an 8-point SMPG profile in a parallel study with Gla-100. Thus, with a total of 20 patients, assuming a SD within of 0.450, the ratio of Gla-300 versus Gla-100 means for fasting plasma glucose (FPG) at bedtime was estimated with a maximum imprecision of 30% (i.e., the 95% confidence interval (CI) will be 0. 06:00-00:00 h on Day 2) for both treatments were included as supportive secondary efficacy endpoints and were also analyzed using the Riemann sum method. CGM endpoints were analyzed using the modified intent-to-treat (mITT) population (all participants without any important deviations related to study drug administration, and for whom blood glucose data parameters by CGM were available) with results pooled by treatment. A linear mixedeffect model with sequence, period and treatment as fixed terms and an unstructured 2 by 2 matrix of treatment-specific variances and covariance per participant within sequence blocks was used to obtain the log-transformed AUC mean_24 h ratio and 90% CIs between the two treatments, for the glucose data from the second day of CGM only, using SAS proc MIXED [13] at any time of day (24 h) and during the night (00:00-05:59 h). All other adverse events (AEs) that were spontaneously reported by the participant or observed by the investigator were recorded. Both were analyzed (SAS ver 9.2, Cary, NC, USA) in the safety population (all participants who received at least one dose of study medication) using descriptive statistics and results were pooled by treatment.
RESULTS

Baseline Characteristics
All 20 randomized participants completed the study and all were included in the mITT, ITT, and safety populations. Demographics and disease characteristics at screening are summarized in Table 1 , and were balanced between the two subgroups with the exception of HbA 1c and laboratory-measured FPG, which were both slightly higher in subgroup 1 (Gla-300 then Gla-100) than subgroup 2 (Gla-100 then Gla-300). The basal to total daily insulin ratio at the start of treatment period 1 was 0.33 for subgroup 1 and 0.32 for subgroup 2, indicating a preference for mealtime insulin-based blood glucose control (Table 2) .
Efficacy
The 24-h glucose variability (AUC mean_24 h ) was slightly lower with Gla-300 versus Gla-100 (treatment ratio 0.96, 90% CI 0.79-1.16) ( Table 3) .
Glucose variability at night (AUC mean_noc ) was also numerically lower for Gla-300 than for Gla-100 (treatment ratio 0.94, 90% CI 0.69-1.27). Neither difference was statistically significant.
Glycated hemoglobin and laboratory-
measured FPG values at the start and end of treatment periods 1 and 2 are shown in Table 2 .
HbA 1c was generally stable with both Gla-300 and Gla-100, with only small decreases observed across each treatment period. A numerical decrease in FPG was observed over treatment period 2 with Gla-100, while remaining generally stable across treatment periods 1 and 2 with Gla-300 and treatment period 1 with Gla-100.
Daily basal, mealtime and total insulin doses are shown in Table 2 . The ratio of the daily basal insulin dose to the total daily insulin dose at each time point is also shown. There was an increase in basal dose with Gla-300 and Gla-100 over treatment period 1 and with Gla-300 over treatment period 2, whereas, per protocol, mealtime insulin doses remained steady over both treatment periods in both groups. Prior use of glargine, % 100.0 100.0 100.0 BMI body mass index, FPG fasting plasma glucose, Gla-300 insulin glargine 300 U mL
, Gla-100 insulin glargine 100 U mL -1 , HbA 1c glycated hemoglobin, SD standard deviation
Safety
The total number of confirmed or severe hypoglycemic events and percentage of partici -pants experiencing C1 confirmed or severe hypoglycemic event at both B3.9 mmol L -1
thresholds were numerically lower during treatment with Gla-300 than with Gla-100 at any time of day (24 h) and particularly during the night (00:00-05:59 h) ( Table 4) .
Treatment-emergent AEs (TEAEs) were reported by 9/20 (45%) participants who received Gla-300 and 4/20 (20%) who received Gla-100; none were considered to be related to the study medication ( , Gla-100 insulin glargine 100 U mL Gla-300 insulin glargine 300 U mL
, Gla-100 insulin glargine 100 U mL AUC area under the curve, CI confidence interval, mITT modified intent-to-treat, Gla-300 insulin glargine 300 U mL -1 , Gla-100 insulin glargine 100 U mL
Data presented as the mean from all participants; a Data pooled from subgroups 1 and 2 by treatment; b N = 19, one participant had missing CGM data so was excluded from this analysis Gla-300 and Gla-100, although a numerical decrease in FPG was observed with Gla-100 during treatment period 2.
In addition, the percentage of participants experiencing C1 hypoglycemic event of any kind and total number of hypoglycemic events during the treatment period were lower for Gla-300 than for Gla-100, particularly during the night. This may be a result of more stable glucose control during the night with Gla-300 and is aligned with the more constant PK/PD profiles that have been described for Gla-300 compared with Gla-100 [1, 3] . Interestingly, a recent CGM study in a Western population, which used a basal to total insulin ratio of 0.5, described more stable glucose levels and lower variability between subjects, within day and between days, regardless of morning or evening injection time, as well as a reduction in the rate
severe hypoglycemia at any time and during the night with Gla-300 compared with Gla-100 [10] . Overall, Gla-300 and Gla-100, administered in the evening, were well tolerated during the study period and no specific safety concerns were observed.
The small, non-significant trend observed in this pilot study gives a first insight into the potential for lower glucose variability and lower incidence of hypoglycemia with Gla-300 compared with Gla-100 in a Japanese population. However, the study is limited by the small study population, requiring a larger study to confirm and assess the potential significance of the observations reported here. Other limitations include the open-label design that was necessary because of the different doses and injection pens that were used for the Gla-300 and Gla-100 treatments, the lack of a washout period, the short treatment period that may not provide a full picture of the insulin Gla-300 insulin glargine 300 U mL
, Gla-100 insulin glargine 100 U mL 
CONCLUSION
This exploratory study showed no betweentreatment difference in glucose variability with Gla-300 versus Gla-100, over 24 h and at night, in Japanese people with T1DM. There was, however, a numerical reduction in the percentage of participants experiencing C1 hypoglycemic event, across the 24-h period and particularly at night. Gla-300 was well tolerated, with no specific safety concerns observed. Larger studies are needed to confirm these observations and assess whether the findings in this study could translate into clinical benefits for people with diabetes, allowing them to better manage their condition.
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